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Abstract
Severe soil erosion has generally been regarded as a major cause of land degradation in arid and semi
arid regions. A quantitative assessment of soil loss intensity is still scanty for developing appropriate soil
erosion control measures in these regions. This article used the combined Water Erosion Prediction
Project (WEPP) and Geographic Information System (GIS) models to estimate the average soil loss in the
Halahijan watershed in Khuzestan Province, one of the priority areas for soil erosion control in Iran. Also,
the sediment yield estimated by the WEPP was compared with that estimated by Modified Pacific
Southwest Interagency Committee (MPSIAC) model. The MPSIAC model is used to estimate erosion
yield and erosion intensity using nine factors consisting of, geological characteristics, soil, climate, runoff,
topography, vegetation cover, land use and present soil erosion. Results indicated that the soil loss
estimated by the WEPP model ranged from 15.10 to 28.20 Mg ha-1 yr-1 with an average soil loss of 21.8
Mg ha-1 yr-1 in the study area. The soil loss estimated by WEPP model was highly correlated with data
estimated by MPSIAC (R2 = 0.97). The soil erosion in this region can be attributed to rainfall intensity
(which ranged from 16 to 88 mm hr-1), and high surface runoff (which ranged from 48562 to 80963 m3).
Results also revealed that the WEPP model is suitable for estimating soil loss in complex watersheds.
Keywords: Modeling, WEPP, GIS, Soil erosion, Watershed.
Introduction
Soil erosion is serious land degradation in the world with 56% of land degradation is caused by water
erosion, raising a global concern for land productivity (Elirehema, 2001). The soil loss caused by water
erosion is particularly severe in arid and semi arid regions of Iran. With high erosion rates in many parts of
Iran, efforts should be directed towards curtailing its hazard. Controlling erosion requires information on
relative erosion rates, spatial extents, vulnerable areas, current sources, relative contributions from
different sources and likely effects on water resources. This requires quantitative data to identify critical
areas where urgent conservation is needed. Field measurements based on runoff plots are expensive,
time consuming and can generate only point-based data. GIS and erosion simulation models are useful
for evaluating and predicting the impacts of management practices on soil loss, water quality and for
evaluating the potential effectiveness of remedial measures before implementing the measures and
investing resources.
Several empirical, physical, stochastic, hybrid and deterministic models have been developed and many
new ones are in the process of being developed. Stochastic models are models in which any of the
variables included in the model are regarded as random variables having distributions in probability. If all
variables are regarded as free from random variation, the model is regarded as deterministic (Rao et al.,
1994). Examples of soil erosion models include USLE, MUSLE, RUSLE, ANSWERS, CREAMS, WEPP,
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and EUROSEM, and can be found in Laflen et al. (1997), Petter (1992), Rao et al. (1994), Nanna (1996)
and Renard et al. (1997).
The physically based models, such as WEPP (Water Erosion Prediction Project) are process-based
models for runoff and soil erosion prediction (Laflen et al., 1997). While empirical models such as
universal soil loss equation (USLE) and the revised USLE (RUSLE) have been the most widely used to
model agricultural land (Renard et al., 1997), WEPP attempts to model and predict soil loss in agricultural
land and in a range of other environments, e.g. rangeland and forest. WEPP not only has all the
capabilities of USLE/RUSLE, but also can handle complex hillslope profiles with ease and is able to
address the effect of intrinsic or externally imposed climate variability on daily runoff, soil erosion, and
sediment yield. The WEPP erosion model computes estimates of net detachment and deposition using
steady state sediment continuity equation. WEPP uses a static approach describing a steady state
erosion and deposition caused by overland flow in dynamic equilibrium (Nanna, 1996).
Geographic Information System (GIS) and Remote Sensing (RS) can be utilized to collect and organize
the input data of WEPP. RS along with GIS provides the best methodological toolset to investigate soil
erosion. Visual and digital image interpretation can be used to derive input parameters such as land use
and land cover and to a lesser extent the conservation and erodibility factors (Hartkamp et al., 1999). GIS
techniques allow scaling data and results to either the local or regional levels, and also results in rapid
and cost effective estimate for larger area and greater possibilities of continuous monitoring of these
areas. Several studies (Shrestha, 1997; Wessels et al., 2001) have shown that GIS is a valuable tool in
erosion modeling. GIS modeling not only predict consequences of human actions on erosion, but it also
useful in the conceptualization and interpretation of complex systems as it allows decision-makers to
easily view different scenarios. Most of the data used in models, i.e., vegetation, soil, relief, climatic, etc
can be processed in a GIS and used as first stage input to identify and map degraded lands (Eiumnoh,
2001). The combined use of GIS and erosion models, such as USLE/RUSLE (e.g. Zhang et al., 2008)
and WEPP (e.g., Cochrane and Flanagan, 2003; Verma et al., 2010), have been shown to be an effective
approach for estimating the magnitude and spatial distribution of erosion.
The goal of this research was to estimate soil loss in the Halahijan watershed, Izeh, Iran by WEPP and
the ArcView GIS. The high susceptibility of this watershed to erosion requires the prediction of soil loss
using the models. The output data of these models provides valuable knowledge for land owners and
policy makers for short- and long-term planning to deal with soil erosion.
Methodology
Study area
The study area is located in the southwestern Iran, about 45 km northeast of the city of Izeh (31°42´ to
31°55´ N, 49°30´ to 49°47´ E), so-called Halahijan watershed. The study area covers approximately 105
km2 of land with an elevation of 800 m above sea level and slopes of 35 to 40%. The land use/cover of
the area contains agriculture (7% of area), forest with 23%, rangeland 24%, bare rock 38% and water
bodies with 8% of the area. The agriculture is mainly rain-fed and wheat and barley are the dominant
cropping pattern. Conventional tillage forms the dominant agricultural management practice with
minimum or no crops residue left on the soil surface due to its alternative value as livestock forage during
the dry season. Mulching is not used in cultivation practices.
Soil textural classes are medium- to heavy-textured soil. Slope ranged from 4 to 56%. Average annual
temperature is 31.6 ˚C. The average annual rainfall in this watershed ranged from 600 to 663 mm, with
maximum of1060 and minimum of 294 to 368 mm (Table 1). The highly erosive storms occur in February
and November.
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Table 1. Amount of precipitation in Halahijan watershed (1970-2003)
Annual Precipitation (mm)
Station

Standard
Deviation
(mm)

1

CV

Average

Maximum

Minimum

Barangard

662.6

1060.5

368.2

200.1

0.3

Baghmalek

599.4

1025.0

294.1

192.7

0.3

1

Coefficient of variation.

Input data
The Water Erosion Prediction Project (WEPP) climate input data (Flanagan and Nearing, 1995) including
total rain, rain duration, time to peak as a fraction of the rain duration; and the ratio of peak rainfall
intensity to the average rainfall intensity, monthly mean and standard deviation of the minimum and
maximum temperatures required by the WEPP model was generated by CLIGEN computer model (Nicks
et al., 1995). Based on long term statistics from historical climate data of Izah city, CLIGEN generated
daily values of precipitation amount, duration, maximum intensity, time to peak intensity, maximum and
minimum temperature, solar radiation, dew point temperature, wind speed and wind direction for the
experimental watershed area. Climate input to WEPP also includes dew-point temperature, and wind
speed and direction to calculate the evaporation potential with the Penman equation. The slope input file
includes slope length, slope steepness, and profile aspect. The WEPP soil input files include measured
soil parameters such as hydraulic conductivity, cation exchange capacity, organic matter content
(Flanagan and Livingston 1995). The interrill and rill erodibility parameters were determined using
percentage of very fine sand and percentage of organic matter. The critical shear stress was determined
using percentage of clay and percentage of fine sand (Flanagan and Livingston, 1995).
Topography is a key factor in soil loss, especially, when the slope exceeds a critical angle. The slope data
layer was generated in the GIS environment from topographic maps and satellite imagery, or other
sources. In this study, the digital topographic maps with a scale of 1: 50000 were used to generate a
Digital Elevation Model (DEM) of the study area using Arc view 3.1 software. Then, the slope data layer
was derived from the DEM data and classified into different classes. The area of each hillslope was
calculated using The WEPP and GIS.
Vegetation reduces the erosion rate by intercepting raindrops, reduces runoff, and improves infiltration
(Lal, 1994). Land use/cover data is crucial in soil erosion models (Renard et al., 1997; Yuksel et al.,
2007). The RS technology provides relatively accurate and inexpensive land use/cover data layer by
using digital image processing techniques.
Output data
The GIS data layer for each parameter (i.e. each soil texture, soil depth, and stoniness, etc.) was
generated based on using 1:25000 scaled topographic and geomorphology maps, 1:40000 aerial photo,
and refined by comparing with soil samples collected from soil profiles of 15 hillslopes using GPS in the
study area. In order to validate the overall erosion risk map, an erosion survey was also performed for
each geographic unit by implementing Food Agriculture Organization (FAO) qualitative assessment
methods (Food Agriculture Organization, 1976). The soil properties such as the aggregate stability,
permeability, organic matter, carbonate, and texture were determined. Then, GIS data of each layer was
recorded, and the soil loss map was produced by applying the “Raster Calculator” tool in the “Spatial
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Analyst” extension of ArcGIS v9.2 (Minkowski and Renshler, 2008). Soil loss map at 1:25000 and also
JPEG image were prepared using ArcCatalog.
MPSIAC model
In this study, the soil loss estimated by WEPP was also compared to that estimated by the Modified
Pacific Southwest Interagency Committee (MPSIAC) (Karkheh Research Committee, 2007). The MPSIAC
is designed for arid and semi-arid regions in the United States, and introduced in 1982 based on earlier
PSIAC created in 1968 for planning purposed by the Pacific Southwest Inter Agency Committee in the
United States for watershed basins of larger than 10 square mile (PSIAC, 1968). The Karkheh Research
Committee (2007) the nine parameters incorporated into the MPSIAC model from determined nine
equations: namely surface geology, soil, climate, runoff, topography, ground cover, land use, surface
erosion and channel erosion, as explained in detail by Safamanesh et al. (2006).
Results and Discussion
Figure 1 indicates 15 hillslopes including hydrological and non hydrological parcels indicating by P (P01
to P08 for hillslopes 1 to 8) and SP (SP01 to SP07 for hillslopes 9 to 15), respectively. The majority of
study area has the slope steepness greater than 30%, ranging from steep to very steep terrain, which
may significantly increases the soil erosion due to runoff. The rest of the study area lies on terrain with
less than 30% slope. Overall, the average slope in the study area was 35% to 49% and parcel SP07 had
the steepest slope (Figure 2).

Figure 1. The parcels of the study area consist of hydrological parcels (P0) and nonhydrological parcels
(SP0).
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The soil classification of the study area indicates that the soils are mainly Regosols and Calcisols (Figure
3 and Table 2). Soil texture was medium (Loam) to heavy (Silty Clay) and soil depth ranged from 50 to
120 cm (Table 2).
Table 2. Selected properties of the Halahijan watershed
Hillslope
Name

Soil Type

Soil
Textural
Class

Soil
Depth
(cm)

Slope
Length
(m)

P01
P02
P03
P04
P05
P06
P07
P08
SP01
SP02
SP03
SP04
SP05
SP06
SP07

Calcisols
Calcisols
Cambisols
Cambisols
Regosols
Calcisols
Regosols
Regosols
Calcisols
Regosols
Regosols
Cambisols
Calcisols
Regosols
Regosols

L
SiC - L
CL
SiC
L
SiCL
SiCL
SiCL
SiCL
SiCL
L
SiCL
SiCL
L
SiCL

82
120
110
110
100
100
120
47
110
50
90
130
72
50
120

65
305
300
280
20
45
232
338
326
136
10
15
24
142
128

Slope
(%)
18
33
51
47
6
20
31
42
27
56
4
56
14
44
29

Figure 2. The slope (ranges in unit and distinct colors) map of the study area.
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Figure 3. The soil classification map of the study area.
The vegetation cover layer indicated that trees and bushes including pistachio and amygdales are the
primary cover of the study area (Figure 4). Agricultural activities are common practices in the southwest
part of the study area. Overgrazing and conventional agricultural practices resulted in severe soil loss in
this area. The management practices of the study region are shown in Figure 5. In the study area, forest
was classified as fully protected, while cultivated area and rangeland were classified as not fully
protected.

Figure 4. The vegetation map of the study area.
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Rainfall intensity ranged from 3.5 to 60 mm hr-1 (Table 3). The soil erosion can be attributed to the surface
runoff. The runoff ranged from 4856 to 80963 m3. The high runoff quantity resulted in high soil loss. Table
3 indicates rainfall intensity and the amount of runoff predicted by the WEPP model. The measured
sediment yield values in two experimental subwatersheds within the watershed were compared to soil
loss predicated by the WEPP (data not shown). The WEPP model predictions are in close agreement
with the available measured data.

Figure 5. Land use/cover classes of the study area.
The average soil loss of the entire watershed is 21.80 Mg ha-1 yr-1. The soil loss ranged from 15.10 in
hillslope 1 (P01) to 28.20 Mg ha-1 yr-1 in hillslope 15 (SP07) (Table 3). Hillslopes 9, 10, 11, 12, 13 and 15
had the highest predicted soil loss. However, when the area of each hillslope is considered, the highest
soil loss from hillslope 8 with 2187 ha the sediment yield generated was 49535 Mg yr-1; hillslope 12 with
an area of 59 ha resulted in 1647 Mg yr-1 sediment yield (Figure 6). Soil loss is severe in the southeast
part of the study area and in north and northwest the soil loss is moderate.
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Table 3. Rainfall intensity, runoff and soil loss estimated by the WEPP model, and observed soil loss of
different hillslopes
Hillslope
Name
P01
P02
P03
P04
P05
P06
P07
P08
SP01
SP02
SP03
SP04
SP05
SP06
SP07

Area
(ha)
1105.1
1048.4
514.2
703.3
287.3
614.7
682.1
2187.8
719.4
459.6
113.5
59.5
347.4
385.2
1233.8

Rainfall
Intensity
(mm hr-1)
7.90
2.95
0.25
7.80
8.40
0.35
5.65
6.60
3.05
6.15
1.90
8.15
2.85
4.05
1.30

Runoff
3

(m )
48562
53348
50167
79654
77342
76142
70138
80963
86387
85144
86010
87878
84139
78111
88223

Soil Loss by
WEPP
(Mg ha-1 yr-1)
15.1
17.89
16.02
21.2
19.2
18.32
15.75
22.65
26.98
25.72
26.37
27.92
25.91
19.75
28.20

Observed Soil
Loss
(Mg ha-1 yr-1)
14.06
14.01
13.78
16.66
15.18
14.35
12.24
17.50
20.21
19.71
20.39
21.36
19.34
14.36
21.55

Figure 6. The soil erosion map (ton/ha/year) of the study area predicted by the WEPP.
Comparing the results of this study obtained by the WEPP model indicated a significant linear relationship
with data reported by Karkheh Research Committee (2007) using MPSIAC in the same study area. The
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R2 value of this linear relationship was 0.71. However, when the area of each hillslope multiplied by soil
loss, the correlation between sediment yield estimated by MPSIAC and the WEPP increased substantially
(R2 = 0.97) (Figure 7). One possible explanation might be due to the scale effect on the soil loss
predication by the WEPP. Nearing (1998) reported that WEPP over predicted the small soil loss and
underestimated the large measured soil loss. Kirnak (2002) reported that the WEPP over predicted
sediment yield and AGNPS underestimated sediment discharge against observed data. However, some
studies (e.g. Amore et al., 2004) reported that neither USLE nor WEPP is sensitive to watershed scale.
Models such as MPASIC were also reported as a suitable prediction tool for soil loss estimation
(Safamanesh et al., 2006).

WEPP Sediment Yield (10

3

-1
Mg yr )

60

50

y = 2.44 + 0.92 x
R2 = 0.97

40

30

20

10

0

0

10

20

30

40

50

60

3
-1
MPASIC Sediment Yield (10 Mg yr )

Figure 7. The average annual sediment yield from WEPP vs MPSIAC.
While other runoff and erosion prediction models were available (e.g. SWAT, EPIC, GLEAMS), WEPP
was chosen for the fact that it is a process-based continuous simulation model with a distinct capability of
estimating soil loss from individual components within the watershed model (Flanagan and Nearing,
1995). Further, linking between the WEPP model and GIS to generate the necessary data inputs for
erosion model simulations is feasible (Minkowski and Renshler, 2008). Our results indicated that WEPP
model combined with GIS was a suitable model to predict soil loss in a complex watershed in a semi arid
region.
Conclusions
This study indicated that using RS and GIS technologies with WEPP model for erosion risk mapping
resulted in reasonably accurate assessment of soil erosion for large watersheds. The soil loss estimation
by the WEPP and MPASIC models had a strong linear correlation (R2 = 0.97). This paper demonstrate
that the application of physical-based soil erosion model of WEPP integrated with GIS to model soil
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erosion potential in a steeply sloping region. The observed data of soil loss had a significant correlation
with those estimated by the WEPP model. Soil loss in the study area ranged from 15 to 28 ton/ha/year.
Severe soil loss occurs in the south west part of the watershed. Spatial soil erosion risk map for the
watershed was created. It was found that the total watershed area is under high erosion risk (erosion rate
> 10 ton/ha/year). The soil erosion map provides valuable information about the possible erosion pattern
in the watershed for the existing condition and establishes a basis for the soil conservation planning.
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